Purpose The differential vulnerability of white matter (WM) to acute and chronic infantile hydrocephalus and the related effects of early and late reservoir treatment are unknown, but diffusion tensor imaging (DTI) could provide this information. Thus, we characterized WM integrity using DTI in a clinically relevant model. Methods Obstructive hydrocephalus was induced in 2-weekold felines by intracisternal kaolin injection. Ventricular reservoirs were placed 1 (early) or 2 (late) weeks post-kaolin and tapped frequently based solely on neurological deficit. Hydrocephalic and age-matched control animals were sacrificed 12 weeks postreservoir. WM integrity was evaluated in the optic system, corpus callosum, and internal capsule prereservoir and every 3 weeks using DTI. Analyses were grouped as acute (<6 weeks) or chronic (≥6 weeks). Results In the corpus callosum during acute stages, fractional anisotropy (FA) decreased significantly with early and late reservoir placement (p=0.0008 and 0.0008, respectively), and diffusivity increased significantly in early (axial, radial, and mean diffusivity, p=0.0026, 0.0012, and 0.0002, respectively) and late (radial and mean diffusivity, p=0.01 and 0.0038, respectively) groups. Chronically, the corpus callosum was thinned and not detectable by DTI. FA was significantly lower in the optic chiasm and tracts (p=0.0496 and 0.0052, respectively) with late but not early reservoir placement. In the internal capsule, FA in both reservoir groups increased significantly with age (p < 0.05) but diffusivity remained unchanged. Conclusions All hydrocephalic animals treated with intermittent ventricular reservoir tapping demonstrated progressive ventriculomegaly. Both reservoir groups demonstrated WM integrity loss, with the CC the most vulnerable and the optic system the most resilient.
Introduction
Our understanding of infantile hydrocephalus pathophysiology contains many knowledge gaps, including a lack of insight into how white matter from periventricular and deep brain regions is injured. The effects of hydrocephalus on white matter damage have been reported previously, but to our knowledge, experimentally measured effects during treatment over a long period of time have not been described. Furthermore, little is known about how damage to white matter from hydrocephalus evolves over time [1] [2] [3] [4] . Thus, it is difficult to determine whether damage occurs prior to or during treatment of hydrocephalus. Diffusion tensor imaging (DTI), a modality of magnetic resonance (MR) imaging, has emerged as a very useful tool in assessing structural changes within the body, especially within the white matter of the brain [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . In this experimental study, we investigated DTI changes in various white matter structures known to be damaged in hydrocephalus to determine whether this modality could identify where and when damage is occurring during infantile hydrocephalus [2, 3, [22] [23] [24] . We hypothesized that within the developing brain of infant hydrocephalic animal, differences in white matter damage could be detected by DTI and the periods of white matter vulnerability during treatment could be identified.
Cellular structures that are organized in directional bundles, such as the optic tract and internal capsule, restrict diffusion of water molecules more than gray matter does. By identifying the restriction of water molecule diffusion in a given direction (anisotropy) through regions of interest (ROIs) in the brain, DTI quantifies the directionality of specific cellular structures. DTI utilizes fractional anisotropy (FA) as a measure of the amount of directional restriction of various ROIs. FA is a universal scalar value between 0 and 1, where 0 is unrestricted diffusion in all directions and 1 is complete restriction of diffusion to one-directional axis. In the brain, more tightly bundled and more myelinated white matter structures allow more restriction of water diffusion in one directional axis, and therefore have a higher FA value [9, [25] [26] [27] [28] [29] [30] [31] [32] [33] . When the microstructure of white matter bundles is disrupted (i.e., by trauma) or before they are organized into tight bundles (i.e., prematurity), the FA values are lower [26, 32, [34] [35] [36] [37] [38] [39] . Furthermore, in such cases where water diffusion is not restricted (i.e., trauma and prematurity), the diffusivity (a second quantifiable measure used in DTI) increases. Thus, a decrease in FA as well as an increase in diffusivity values may signal damage to white matter structures.
Limitations to our investigation of how hydrocephalus damages the brain are inherent in human studies [23, 24, 40] . The definitive standard for evaluating damage continues to be histopathological analysis, which cannot be reasonably performed in infants, but this gap in our knowledge can be bridged by appropriate animal models of infantile hydrocephalus. Using our well-studied kitten model of induced infantile hydrocephalus [41] [42] [43] [44] [45] , many pathophysiologic processes affected by hydrocephalus can be assessed, including neurologic deficits, ventricular size, cerebrospinal fluid (CSF) biomarkers, histopathology, and structural integrity of white matter tracts [46] . Our animal model of infantile hydrocephalus allows us to take advantage of advanced MR imaging and DTI to follow white matter development, maturation, and, perhaps most importantly, damage and dysfunction.
Identifying damage to the integrity of white matter structures within the developing brain, quantifying the temporal relationship between the onset of ventriculomegaly and white matter damage, and determining which white matter structures in the developing brain are more susceptible to damage and what the mechanism of that damage is (e.g., axonal damage, demyelination, and dysmyelination) are critical to understanding the pathophysiology of infantile hydrocephalus. To help answer these questions, we used DTI as a noninvasive tool that is both quantifiable and reproducible [25, 28, 47] . DTI has been used in fiber evaluation elsewhere (e.g., the ultrastructure of the heart myofibers), and its expanded use in brain imaging has made it a subject of increasing interest in the study of infantile hydrocephalus [9, 48] . DTI studies in hydrocephalic patients have suggested certain white matter regions are vulnerable to the detrimental effects of hydrocephalus [5, 49] . Recent studies of infants with hydrocephalus also have correlated neurologic deficits with changes in brain DTI [5, 9, 10, 17, [49] [50] [51] [52] .
We evaluated various white matter structures that are known to be affected by hydrocephalus through DTI to quantify their susceptibility to damage and to determine whether DTI could be used to assess the mechanism of damage. We also discuss what DTI changes may represent in each of these ROIs: axonal damage, myelin sheath alterations, or repair mechanisms within the vulnerable neonatal brain.
Methods

Experimental design
Experimental methods using neonatal feline hydrocephalus models have been well described by us and others [22, 41, 42, [53] [54] [55] [56] [57] [58] [59] . Briefly, 25 % sterile kaolin was injected percutaneously into the cisterna magna of anesthetized animals. After ventriculomegaly was confirmed by MR imaging, the animals were divided into two groups; in the early and late groups, ventricular reservoirs were implanted 7 and 14 days after kaolin injection, respectively. Age-matched controls (non-kaolin-injected and kaolin-injected but nonhydrocephalic animals) were used for each group. All animals underwent surgical implantation of a preassembled ventricular catheter and subcutaneous reservoir (Integra Scientific, Plainsboro, NJ, USA and Medtronic, Inc., Minneapolis, MN, USA). Detailed surgical techniques, including perioperative monitoring of vital signs, have been previously described [42] . The ventricular catheter was inserted through a burr hole approximately 2 mm posterior to the coronal suture and 2 mm lateral to the sagittal suture. No CSF drainage occurred distal to the reservoir. Neurologic assessments were completed at least daily to assess neurologic status and to determine the need for reservoir tapping. Control animals underwent identical neurologic assessment alongside animals in the treatment groups. Subcutaneous ventricular reservoirs were tapped on an individual basis according to strict clinical criteria characterizing neurological deficit, as described previously [42] .
MR imaging acquisition
All animals received anatomical T2-weighted MR imaging scans with DTI sequences before reservoir placement, postoperatively within 1 week of reservoir placement, and then at 3, 6, 9, and 12 weeks after reservoir placement. All animal were monitored before, during, and after all sedation procedures to ensure that routine vital signs (heart rate, SpO2, core temperature, and respiration) remained within acceptable limits, as described previously [42] . Any animal that required more time to fully regain consciousness and reflexes after anesthetic procedures was also monitored closely so that they would not become cold or dehydrated. Data were reported as average DTI values obtained in the acute period <6 weeks or in the chronic period ≥6 weeks after reservoir placement. The former includes all DTI data from prereservoir, immediate postoperative, and 3-week time points, whereas data from ≥6 weeks includes those DTI data from 6, 9, and 12 weeks postreservoir placement.
Imaging experiments were conducted on a 7-T Bruker Biospec horizontal bore MR imaging scanner (Bruker Biospin, Billerica, MA, USA) interfaced with actively shielded gradient inserts of 120 or 200 mm inner diameter (ID) depending on the animal size and age. Animals were anesthetized using 1-3 % isoflurane and 2 L/min O 2 ; vital signs (heart rate, oxygen saturation, respiration rate, and rectal temperature) were continuously monitored using a MRcompatible physiological monitoring system (SA Instruments, Stony Brook, NY, USA). Animals' temperatures were kept at 38°C using a computer-controlled warm air heater system. Imaging time was limited to <30 min for younger animals (postreservoir MR imaging 3 and 6 weeks) because of lower anesthesia tolerance. Depending on the head size, MR signal transmission and reception was accomplished using a volume coil with ID of either 72 mm (Bruker Biospin) or 90 mm (m2m Imaging Corp, OH, USA). The T2-weighted images were acquired using a fast spin echo sequence with 5,100 ms repetition time (TR), 50 ms echo time (TE), 8 echoes per image, 2 averages, 30 coronal slices of 1.5 mm slice thickness, Fig. 1 Representative MRI/DTI from early group prereservoir treatment demonstrating white matter regions of interest in DTI (a, d, g), tractography color maps (b, e, h), and T2-weighted images (c, f, i). The corpus callosum (CC) is thinned when the ventricles are dilated but is detectable on DTI at this early stage: fibers from the CC are seen on the color map as red/purple, indicating lateral crossing fibers. These fibers are lost on MRI/DTI and color maps after 3 weeks of reservoir treatment. The fibers of the internal capsule (IC) run in the anterior-posterior direction as well as superior-inferior and are seen as green on color maps. The IC is medial (a) and posterior (d, g) to the optic tract (OT), which runs anterior and lateral from the optic chiasm (OC) to the lateral nucleus of the thalamus. Fibers of the OC are also seen as red/purple because of their lateral crossing nature. The external capsule (EC) is stretched along the outer wall of the lateral ventricle (LV) and is one of the first structures lost with progressive hydrocephalus. 3rd V Third ventricle 50×50 mm field of view, 256×256 acquisition matrix, yielding a 0.195×0.195 mm in-plane resolution, and 5.5 min of scan time. DTI scans were acquired using a spin echo sequence with single short echo planar imaging readout and Stejskal Tanner diffusion-weighted gradients placed around the refocusing radiofrequency pulse [28, 30, 60] . Imaging parameters of the DTI scans were 3,760 ms TR, 52 ms TE, 15 coronal slices with 2 mm slice thickness, 50×50 mm field of view, 96×6 acquisition matrix, yielding a 0.512×0.512 mm in-plane resolution. Diffusion-encoding gradients were 7 ms long (δ) and 20-ms diffusion time (Δ), the gradient strength was 18 % of the maximum available gradient yielding a nominal b value of 700 s/mm 2 . Five nondiffusion-weighted images and 30 diffusion-encoded images with gradient directions optimized over a unit sphere were used. To improve signal-to-noise ratio (SNR), the 30 diffusion directions were repeated twice. SNR for a single nondiffusion-weighted image was 30:1 (before averaging) for an ROI taken in the internal capsule region. Total time for the DTI scan was approximately 4 min.
For older animals (postreservoir MR imaging 9 and 12 weeks), the larger gradient set (200 mm ID) and a larger radiofrequency coil (150 mm ID) (Bruker Biospin) were used. Similar T2 and DTI imaging protocols were employed as the smaller gradient set, with exception of the following parameters. For T2 scans, the field of view was 70×70 mm, in-plane resolution was 0.273×0.273 mm, and 2 mm slice thickness was used. For the DTI scan, TE was 70 ms, diffusion encoding gradients had a δ of 15 ms, Δ of 20 ms, and diffusion gradient strength was 18 % of maximum available gradient yielding a nominal b value of 700 s/mm 2 . Eight repeats of the 30 diffusion directions scheme was used to improve the tensor fitting accuracy. The SNR of the nondiffusion-weighted image (before averaging) was approximately 30:1 in a ROI taken in the internal capsule region. Total time for the DTI scan was 15 min.
DTI image analysis was conducted using the manufacturer's DTI processing software Paravision 5.0. ROIs were manually selected including midline corpus callosum, internal capsule (left and right), external capsule (left and right), optic tract (left and right), and the midline optic chiasm. Mean DTI eigenvalues for each of these ROIs were used to perform statistical analyses for FA, mean diffusivity (MD), axial diffusivity (AD), and radial diffusivity (RD).
Statistical analysis
Analysis of variance was used to compare the experimental groups in both acute (<6 weeks after reservoir placement) and chronic (≥6 weeks after reservoir placement) periods. Control animals were compared by using age-matched assessment of acute and chronic phases. A Shapiro-Wilk test showed that diffusion tensor parameters were normally distributed; therefore, mean FA, MD, AD, and RD were compared by twosided t tests. A p value of <0.05 was considered to be statistically significant.
Results
Thirty-seven animals were used for this study. Twelve animals in the experimental group were not included in the final data analysis because of failure to thrive, infection, or inability to tolerate anesthesia. Twenty-five animals were therefore used for the final analysis-nine were included in the early reservoir group, nine in the late reservoir group, and seven in the nonhydrocephalic animals were used as control animals. For comparisons to each of the reservoir-treated experimental groups (early and late), age-matched control DTI scans were obtained using nonhydrocephalic animals.
Each group of animals exhibited considerable ventriculomegaly throughout the study period ( Fig. 1 ; see also [42] ) that was accompanied by significant changes in various white matter regions ( Fig. 2; Table 1 ). No significant differences were noted between the right and left sides of the optic chiasm, optic tract, or internal capsule, and therefore left and right data points for each of these regions were pooled.
Optic chiasm and optic tracts
Within the optic chiasm, significant differences were noted between the chronic late and control groups. Mean FA decreased from 0.408±0.074 to 0.313±0.100 (p=0.0496). Mean MD differences between these groups were nearly significant (1.233±0.241 vs. 1.679±0.499, p=0.061). No significant changes were seen among any of the optic chiasm measurements in other groups. Fig. 2 Diffusion tensor parameters for the optic chiasm (black), optic tract (light gray), corpus callosum (white), and internal capsule (dark gray) within control, early, and late groups <6 (acute) and ≥6 (chronic) weeks after reservoir placement. a FA fractional anisotropy. FA in the corpus callosum (CC) in the acute phase (CC obliterated and not available for analysis in the chronic phase) was significantly decreased in both the early and late groups compared with controls (*p=0.0008). Likewise, in the optic chiasm and tract FA of the chronic phase was significantly decreased in the late group compared with controls ( • p<0.05). In contrast, in the internal capsule FA was significantly increased in the chronic phase compared with the acute phase in all groups (^p<0.05). b Axial diffusivity (AD) in the corpus callosum was significantly increased compared with controls (*p<0.05) in the acute phase; this pattern of an AD increase in the acute phase compared with controls was repeated in the internal capsule (^p<0.05). c Radial diffusivity (RD) was significantly increased compared with controls in the corpus callosum (*p<0.01) and significantly decreased in the optic tract in the early group ( • p<0.05). d Mean diffusivity (MD) in the corpus callosum was significantly increased in the early and late groups in the acute phase compared with controls (*p<0.01). Overall, these results indicate that white matter integrity in both reservoir groups was compromised during the progression of ventriculomegaly, with the corpus callosum appearing most vulnerable and the optic system the most resilient Within the optic tract, mean FA in the chronic late group was significantly lower than in the control group (0.540±0.058 vs. 0.434±0.079, p=0.0052). Mean RD in the chronic early group was higher than in the age-matched controls (0.665±0.090 vs. 0.880±0.312, p=0.0258). There were no significant differences in mean AD and MD within the optic tract.
Corpus callosum
Once hydrocephalic animals reached 6 weeks after reservoir placement, the corpus callosum was no longer recognizable on DTI; therefore, FA, AD, RD, and MD were unobtainable for these animals at more chronic stages. In hydrocephalic animals <6 weeks after reservoir placement, there was a statistically significant difference in the mean FA, AD, RD, and MD within the corpus callosum between the control and early as well as between control and late reservoir groups. Mean FA was 0.457±0.089 in the control group and 0.290±0.031 in the early group (p=0.0008) and 0.291±0.045 in the late group (p=0.0008). Mean AD was higher in the early group (1.758± 0.109) than in the control group (2.076±0.349) (p=0.0026). Mean RD measurements increased from 0.867±0.217 in control animals to 1.392±0.220 and 1.244±0.132 in the early (p= 0.0012) and the late (p=0.01) groups, respectively. Mean MD also increased significantly between the control group (1.164± 0.157) and both the early (1.620±0.260; p=0.0002) and the late (1.456±0.144; p=0.0038) groups.
Internal capsule
Within each group (control, early, and late), the internal capsule demonstrated statistically significant age-related increases in mean FA in animals more than 6 weeks postreservoir compared with younger animals. In the control group, normal development was reflected by a mean FA increase from 0.506±0.048 to 0.570±0.046 (p=0.0038) after 6 weeks. Within the internal capsule of the early group, mean FA increased in the older animals by 0.05 compared to the younger animals (p=0.0322); likewise, the age-related mean FA in the late group increased by 0.076 (p=0.0066).
Among the animals at the chronic stage, the mean FA of the internal capsule increased significantly from 0.570±0.046 in the control group to 0.607±0.037 in the late group (p= 0.0356). During the acute stage, mean AD increased from 1.534±0.073 in the control group to 1.648±0.095 in the early and 1.634±0.112 in the late treatment groups (p=0.0114 and 0.0392, respectively). Significant increases were also seen in RD compared with controls, but only in the early group animals <6 weeks (p=0.044). No significant changes in mean MD were seen within the internal capsule of animals in any group or age category.
Discussion
By identifying the restriction of water molecule diffusion in a given direction (anisotropy) through different ROIs, the integrity of white matter structures is assessed. Thus, calculating the anisotropy and diffusivity in structures affected by hydrocephalus at various time points provides a better understanding of the course of hydrocephalus and how damage to white matter evolves.
Changes in water directionality during normal maturation and aging, specifically an increase in FA and a decrease in diffusivity parameters (i.e., MD, AD, and RD) during brain maturation, have been well documented [5, 10, 25, 48, [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] . In the current study, we define such changes as advancing age-related (AAR) alterations, and the effect of these developmental changes must be considered when evaluating the potential effects of hydrocephalus in the maturing brain. Over time, the internal capsule displayed AAR increases in FA without significant changes to diffusivity parameters within all groups (control, early, and late). An increase in FA in this setting is assumed to be related to increased myelination within the internal capsule. In contrast, AAR increases in FA were not observed in the optic chiasm, optic tract, or corpus callosum; we interpret this lack of change to mean that these white matter regions were relatively mature and well-myelinated prior to the onset of hydrocephalus. Hydrocephalus-related FA or diffusivity changes in wellmyelinated regions have been reported in a limited number of clinical [6, 7, 10, 12, 16, 18, 19, [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] and experimental papers [21, 86, 87] . Decreased FA or increased diffusivity parameters in mature myelinated white matter regions can therefore be considered a reflection of damage to axons or loss of myelin (demyelination). The same FA/diffusivity alterations seen within areas of ongoing active myelination may signify axonal damage or improper myelination (dysmyelination) [88] [89] [90] .
To our knowledge, this is the first experimental study to evaluate specific white matter tracts in the infantile hydrocephalic brain model by DTI measurements over such a long developmental period. We therefore have the unique ability to assess each ROI utilizing all the diffusion tensor parameters and to begin to make predictions on the meaning of these changes. We surmise that the following white matter structures are differentially vulnerable to the damaging effects of hydrocephalus.
Optic system
Of the ROIs evaluated in this study, the optic system may represent the most resilient of white matter structures to the effects of hydrocephalus. Within the optic system, all DTI changes, including FA decrease and diffusivity increase, occurred only ≥6 weeks after reservoir placement. Although the FA values decreased in both the optic chiasm and optic tract within the late reservoir group, no changes were noted in the early animals. The RD increased in the early group, AD remained stable, and the MD increase was not significant. No diffusivity changes were noted in the late group. The constellation of changes seen in the optic system suggest overall injury to the white matter tracts of the optic tract and optic chiasm with decreasing FA values, whereas increasing RD in the optic tract (and a trend toward significance in MD) suggests the mechanism is alterations in the myelin sheath. Because we presume that the optic system was maturely myelinated in these animals, demyelination may be the major mechanism for white matter damage in the optic system; however, researchers such as Budde et al. [88, 91] have shown that anisotropy in the white matter areas surrounding cortical damage in an animal model can be affected by multiple aspects of white matter microstructure-namely astrocytic responses and gliosis. In their 2011 paper, Budde and colleagues demonstrated the role of organized astrocyte gliosis in the measured DTI values of FA and diffusivity parameters. Through a direct comparison of DTI and histologic sections, they provided evidence that previously presumed axonal damage/regeneration or re/demyelination may not be the only mechanisms by which DTI measurements alter after injury. We plan to histologically evaluate brains at each of the MR imaging time points to verify our hypothesis and determine the exact amount and extent to which demyelination or other mechanisms are responsible for the DTI changes seen during hydrocephalus.
Corpus callosum
Conversely, among the structures we evaluated, the corpus callosum may represent the white matter structure most susceptible to damage from hydrocephalus. Physical stretch and compression of the callosal fibers was obvious with progressive ventriculomegaly, and 6 weeks after reservoir placement, DTI values were unobtainable within the corpus callosum. Other periventricular white matter tracts, such as the external capsule, demonstrated similar phenomena and became indistinguishable (data not shown). Unlike the optic system, where all changes in DTI values were observed after 6 weeks of reservoir placement, both decrease in FA and increase in diffusivity within the corpus callosum were observed less than 6 weeks after reservoir placement, making the effects of hydrocephalus on the corpus callosum much more immediate. A significant decrease in FA was noted in both early and late groups, and with the exception of the AD in the late group, significant increases in the diffusivity parameters (RD, AD, and MD) were observed in both early and late group animals. As in the optic system, white matter injury is noted from decreased FA; however, in the corpus callosum, damage was witnessed in both early and late treatment groups. Significantly increased AD and RD (also reflected as increased MD) may signify multiple mechanisms responsible for injury, including both demyelination of matured white matter tracts and direct axonal damage. Whether astrocytic mechanisms such as gliosis can also interfere with DTI parameters and decrease FA (of increase diffusivity parameters) remains to be seen in our animal mode of hydrocephalus. Budde et al. [88] have demonstrated very clearly that astrocytes play an essential role in recovery from damage, and at 4 weeks after cortical injury, chronic changes in the cortex and underlying white matter include organized astrocyte processes.
Internal capsule
Evaluation of DTI changes within the internal capsule requires consideration of the stage of myelination at each MR imaging time point. We can assume the internal capsule region was actively undergoing myelination during the experimental period because all animals including the control group displayed AAR increase in FA consistent with physiologic myelination. No decrease in FA was noted within the internal capsule and no increase in MD, making overall white matter injury a less likely scenario; however, significant increases in RD (early group) and AD (early and late group) were noted less than 6 weeks after reservoir placement. Such diffusivity changes are consistent with injury to white matter tract myelin as well as some amount of axonal damage, but signs of damaging effects from hydrocephalus (such as decrease in FA) that were seen in other brain regions were not noted within the internal capsule. Instead, we demonstrated an increase in the FA within the late reservoir animals ≥6 weeks after treatment compared with their age-matched controls. Increase in FA in such a delayed manner may represent the capacity for delayed remyelination and axonal repair within the internal capsule. If we assume that the internal capsule was actively undergoing physiologic myelination during the experimental period, it is reasonable to assume it has the most capacity to regenerate lost myelin and repair progressively damaged axons. We must acknowledge, however, that astrocyte organization as part of the repair mechanism could also play a role in the increase in FA during the recover period after hydrocephalus. The likelihood, however, of astrocytes being a major factor in increasing FA within the internal capsule is low because similar increases were demonstrated in control animals and early and late reservoir groups. This hypothesis will be tested through histologic evaluation of the internal capsule in animals at each MR imaging time point and quantification of myelination at 3, 6, 9, and 12 weeks after reservoir placement.
Conclusion
Our results suggest that various white matter regions within the developing feline brain have different susceptibilities to the damaging effects of hydrocephalus. Regions of active myelination, such as the internal capsule, may have the ability to regenerate myelin and repair demyelinated tracts more readily, while areas of high sensitivity to damage like the corpus callosum may suffer irreparable damage from hydrocephalus within a few weeks of disease progression. The visual system seems to be the most resilient to the damage from hydrocephalus seen by DTI, and changes in FA and diffusivity there are not as prominent or global.
The main question, however, remains whether radiographic changes in hydrocephalus as demonstrated by DTI can be verified through histological evaluations of cellular damage. Nevertheless, our findings in a clinically relevant model of infantile hydrocephalus demonstrate the profound regional DTI changes in white matter tracts of hydrocephalic animals treated by routine reservoir tapping.
